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The  fluid-warming  capabilities  of  four  individual  fluid  warm¬ 
ers,  i.e..  Level  1.  FMS  2000.  Thermal  Angel,  and  Ranger,  were 
compared  to  evaluate  their  potential  for  medical  use  in  forward 
military  echelons  of  care.  Lactated  Ringer’s  solution  (LR|  and 
Hextend  at  room  temperature  (20°C)  or  refrigerated  tempera¬ 
ture  (4-7°C)  and  packed  red  blood  cells  at  4°C  to  7°C  were  used 
with  each  warmer  at  two  different  flow  rates.  The  FMS  2000 
consistenUy  warmed  all  fluids  to  approximately  37°C.  regard¬ 
less  of  the  starting  temperature  or  flow  rate.  The  Level  1  and 
Ranger  also  efficienUy  warmed  all  fluids  except  cold  LR  to 
approximately  37°C.  The  Thermal  Angel  generally  warmed 
room  temperature  fluid,  cold  Hextend.  and  packed  red  blood 
cells  to  at  least  33°C  to  34°C  but  could  not  warm  cold  LR.  The 
clinical  standard  is  to  have  fluids  warmed  to  32°C  at  a  mini¬ 
mum  and  more  preferably  to  34°C  to  35°C.  Of  the  fluid  warmers 
tested,  only  the  Thermal  Angel  failed  to  achieve  such  a  tem¬ 
perature  in  warming  cold  LR.  Data  from  the  present  study 
suggest  the  Ranger  and  FMS  2000  to  be  operationally  adapt¬ 
able  to  at  least  echelons  1  and  2,  respectively,  whereas  far- 
forward  use  of  the  Thermal  Angel  has  limitations. 

Introduction 

Accidental  or  uncontrolled  hypothermia  is  a  well-recognized 
problem  among  trauma  patients,  requiring  immediate  clin¬ 
ical  intervention.  It  has  been  reported  that  up  to  60%  of  pa¬ 
tients  admitted  to  regional  trauma  centers  are  hypothermic.3 
defined  as  having  a  core  body  temperature  of  <35°C.2  4  However, 
the  poor  prognosis  associated  with  the  presence  of  hypothermia 
among  trauma  patients  has  led  to  the  suggestion  of  a  separate 
classification  in  which  mild  hypothermia  includes  core  body 
temperatures  of  34°C  to  36°C.2  4  Recently,  Gentilello  et  al.r>  re¬ 
ported  that  hypothermia  among  trauma  patients  increases  re¬ 
suscitation  fluid  requirements  and  is  an  independent  risk  factor 
for  acute  death.  Hypothermia  has  also  been  associated  with 
prolonged  clotting  times  and  other  dysfunctions  of  the  hemo¬ 
static  process,  independent  of  the  development  of  acidosis  after 
traumatic  injury.4  6  7  In  addition,  core  body  temperatures  of  be¬ 
low  33°C  can  lead  to  supraventricular  arrhythmias,  and  tem¬ 
peratures  below  28  C  Increase  the  risk  for  ventricular  fibrilla¬ 
tion.3  As  a  consequence,  core  body  temperatures  of  32  C  or  less 
are  associated  with  mortality  rates  that  approach  100%.9 

Therefore,  efforts  to  rewarm  hypothermic  paUents  in  a  timely 
manner  are  very  important.  Currently,  means  of  rewarming 
involve  either  external  or  internal  warming  of  the  patient.  Ex¬ 
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ternal  warming  usually  involves  the  use  of  heating  lamps,  cir¬ 
culating  warm  air,  or  heating  blankets,  but  these  techniques 
have  not  been  very  effective  for  rewarming  severely  hypothermic 
patients  in  a  timely  manner.10  For  internal  core  rewarming, 
infusion  of  wanned  fluids  via  cardiopulmonary  bypass  and  con¬ 
tinuous  arteriovenous  rewarming  are  considered  the  most  effi¬ 
cient  means  of  warming  hypothermic  patients,  whereas  infusion 
of  warmed  intravenous  fluids  may  be  the  most  cost  effec¬ 
tive.4  3 10 1 1  particularly  when  the  patient  requires  large  volumes 
of  fluid. 

Problems  with  the  development  of  satisfactory  fluid  warmers 
are  related  to  local  overheating.  leading  to  hemolysis  of  heated 
blood,12  or  the  inability  to  deliver  fluid  at  <750  mL/hour  at  what 
would  be  considered  "therapeutic  temperatures."  because  of 
cooling  within  the  tubing.1013  Because  it  is  well  recognized  that 
infusion  of  large  volumes  of  unheated  fluid  contributes  to  hypo¬ 
thermia  among  trauma  patients,71415  efforts  to  develop  the  most 
eflicien!  fluid-wanning  devices  continue.  The  Level  1  fluid 
warmer  (Level  1  Technologies,  Marshall.  Massachusetts)  has 
received  acceptance  for  use  in  trauma  centers14  because  it  can 
be  set  up  and  primed  easily  and  its  use  has  been  shown  to 
maintain  and  even  increase  core  temperatures. 

The  military  operates  in  all  climates  and  all  elements.  With 
both  battle  and  nonbattle  injuries,  treatment  of  injured  soldiers 
in  adverse  environments  and  delayed  evacuation  make  them 
prone  to  develop  uncontrolled  or  accidental  hypothermia.  Many 
of  these  casualties  may  require  fluid  resuscitation  or  irrigation 
of  wounds.  As  reported  by  Garcia  et  al.,7  forward-deployed  med¬ 
ical  units  do  not  have  the  capability  to  warm  large  volumes  of 
intravenous  fluids  adequately,  although  meal  ready  to  eat 
flameless  heaters  have  been  used.  A  fluid  wanner  suitable  for 
military  use  at  forward  echelons  of  care  must  be  rugged,  easy  to 
use  under  austere  conditions,  easy  to  transport,  light  in  weight, 
and  small  in  size  and  must  have  minimal  power  requirements. 
To  improve  the  treatment  of  injured  soldiers  in  forward  areas, 
the  Army  would  like  to  field  the  operationally  most  relevant  and 
best  performing  fluid  warmer  available.  Using  state-of-the-art 
technology  to  treat  injured  soldiers  will  preserve  and  stabilize 
the  Objective  Force.  Therefore,  the  objectives  of  this  study  were 
to  evaluate  the  fluid-warming  capabilities  of  both  portable  and 
floor  model  fluid-warming  devices  that  could  be  adapted  to  for¬ 
ward  treatment  areas. 

Materials  and  Methods 

This  study  compared  four  fluid-warming  systems.  The  Level  1 
Model  1000  (Level  1  Technologies)  and  FMS  2000  (Belmont 
Instruments.  Billerica.  Massachusetts)  systems  were  compared 
as  floor  units,  whereas  the  Thermal  Angel  (Estill  Medical  Tech¬ 
nologies,  Dallas.  Texas)  and  Ranger  (Arizant  Heathcare.  Eden 
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Prairie.  Minnesota)  blood/fluid-warming  systems  were  com¬ 
pared  as  portable  units.  These  devices  are  shown  in  Figure  1 . 

These  instruments  were  evaluated  with  three  different  fluids 
(lactated  Ringer's  solution  [LR],  Hextend.  Abbott  Laboratories, 
Abbott  Park.  Illinois  and  packed  red  blood  cells  [PRCs|).  LR  was 
selected  as  the  standard-of-care  crystalloid  available  at  most 
medical  facilities;  Hextend  (6%  hetastarch  in  a  balanced  salt 
solution)  is  carried  in  the  field  by  Special  Forces  medics.  Also,  it 
was  reported  that  far-forward  Special  Forces  medics  recently 
carried  PRCs  in  Afghanistan.  Therefore,  these  three  fluids  could 
be  used  at  all  echelons  of  care. 

LR  and  Hextend  at  two  temperatures,  i.e..  room  temperature 
(20  C)  and  refrigerated  (4-7  C).  and  refrigerated  PRCs  were 
used  with  each  warming  device  at  two  flow  rates.  The  Thermal 
Angel  and  Ranger  were  evaluated  at  flows  rates  achieved  with  a 
pressure  bag  set  at  the  150  and  300  mm  Hg  settings  and  flow¬ 
through  an  1 8-gauge  catheter.  Flow  rates  for  the  FMS  2000  w'ere 
evaluated  at  settings  of  150  and  300  mL/minute.  After  it  was 
determined  that  rates  above  250  mL/minute  were  difficult  to 
achieve  under  the  conditions  of  this  study,  the  warming  capa¬ 
bilities  of  the  FMS  2000  were  evaluated  at  150  and  250  mL/ 
minute.  The  Level  1  system  was  evaluated  at  its  single  pressure 
setting,  which  corresponds  to  approximately  220  to  300  mm  Hg. 
Again,  flow  was  determined  through  an  1 8-gauge  catheter.  Each 
test  was  performed  in  triplicate. 

The  instruments  were  set  up  and  temperature  probes  were 
placed  in  the  fluid  bag  and  at  the  end  of  the  instrument's  outflow 
catheter,  which  would  be  attached  to  the  patient.  Except  for  the 
Thermal  Angel,  temperature  probes  were  also  placed  5  inches 
(12.7  cm)  from  the  inflow  to  the  wanner  and  5  inches  (12.7  cm) 
from  the  outflow'  port  of  the  wanner.  For  the  Thermal  Angel, 
these  probes  were  placed  at  7  inches  (17.8  cm)  and  3.5  inches 
(8.9  cm),  respectively.  These  differences  in  locations  of  the  tem¬ 
perature  probes  reflect  the  sites  of  the  injection  ports  for  the 
infusion  sets  used  with  each  device.  The  temperature  probe 
placed  at  the  end  of  the  catheter  corresponded  to  49  inches 
( 1 24.5  cm)  for  the  Ranger,  10.5  inches  (26.7  cm)  for  the  Thermal 
Angel,  79  inches  (200.7  cm)  for  the  Level  1 .  and  58  inches  (147.3 
cm)  for  the  FMS  2000  from  the  outflow  port  of  each  unit.  At  each 
fluid  temperature  and  flow  rate,  the  instrument  being  tested 
was  turned  on  and  allowed  to  warm  up  according  to  the  manu- 


Ranger 


Thermal  Angel  Level  l  FMS  3)00 


Fig.  1.  The  four  fluid- warming  devices  evaluated. 


facturer's  recommendations.  Each  run  proceeded  until  the  fluid 
bag  was  empty,  and  temperature  data  were  recorded  continu¬ 
ously. 

Of  primary  interest  were  the  time  to  set  up  the  instrument, 
the  steady  temperature  achieved,  the  time  for  the  instrument  to 
reach  a  steady  temperature  (warm-up  time),  the  prime  volume, 
the  time  for  room  temperature  or  refrigerated  fluids  to  reach  a 
steady  temperature,  and  the  temperature  difference  between 
the  starting  temperature  and  the  warmed  fluid  temperature.  We 
also  determined  the  percentage  of  time  the  temperature  read¬ 
ings  were  >32C  or  >35  C  at  each  flow  rate.  At  a  minimum,  the 
fluid  warmer  should  be  able  to  heat  fluid  at  room  temperature  to 
the  clinically  acceptable  minimal  infusion  temperature  of 
32  C.IH  Because  many  think  that  32  C  is  too  low  as  an  accept¬ 
able  standard  for  trauma  patients. ~’  4  we  also  evaluated  35  C  as 
a  standard.  Of  secondary  interest  were  the  ease  of  operation,  the 
weight  and  size  of  the  instrument,  and  the  bubble-suppressing 
ability  of  the  device.  To  determine  the  ease  of  operation,  we 
invited  a  Special  Forces  medic  and  a  registered  nurse  who  were 
unfamiliar  with  the  devices  to  set  up  each  fluid  wanner.  We  also 
evaluated  the  set-up  times  after  they  had  performed  this  oper¬ 
ation  once. 

As  appropriate,  data  were  analysed  with  analysis  of  variance. 
If  a  significant  difference  was  detected,  then  post  hoc  tests  (e.g., 
Tukey's  honestly  significantly  different  test)  were  used  to  deter¬ 
mine  differences  among  the  instruments  measured  at  the  outlet 
port  and  catheter  tip:  p  <  0.05  was  considered  statistically 
significant,  after  correction  for  multiple  comparisons. 

Results 

Table  1  compares  the  weight,  size,  power  requirements,  and 
cost  of  the  four  fluid  warmers  evaluated.  As  can  be  seen,  the 
weight  advantage  of  the  Thermal  Angel  is  lost  when  the  battery 
pack  is  carried.  Although  the  combined  weight  becomes  nearly 
equivalent  to  that  of  the  Ranger,  the  Ranger  still  requires  an 
external  power  source.  In  comparison  to  the  Level  1 ,  the  FMS 
2000  is  more  compact  in  size  and  the  weight  includes  the 
built-in  pump  (Table  1).  In  addition,  the  Ranger  and  Level  1 
systems  have  a  bubble  trap,  whereas  the  FMS  2000  has  an  air 
detector,  will  degas  fluid,  and.  unlike  the  other  units  evaluated, 
will  not  pump  air. 

Table  II  compares  the  temperature  set  points,  flow  rate 
ranges,  warm-up  times,  and  priming  volumes  of  the  fluid  warm¬ 
ers.  In  general,  at  each  set  flow  rate,  flow  rates  for  normal  saline 
were  higher  than  those  for  Hextend  with  all  fluid  warmers  (Fig. 
2).  At  the  higher  set  flow  rate,  actual  flow  rates  achieved  through 
the  18-gauge  catheter  for  normal  saline  and  Hextend  were  sig¬ 
nificantly  higher  with  the  Ranger  and  FMS  2000  than  with  the 
Thermal  Angel.  This  was  also  observed  at  the  lower  set  flow  rate 
with  respect  to  Hextend  (Fig.  2).  It  should  be  noted  that,  al¬ 
though  the  higher  flow  rale  for  the  FMS  2000  was  set  at  300 
mL/minute,  this  flow  rate  was  not  achieved  for  either  fluid 
because  of  built-in  pressure  sensors  in  the  unit  reducing  the 
flow  to  be  compatible  with  maximal  flows  through  an  18-gauge 
catheter  (Fig.  2). 

Warm-up  times  varied  among  the  fluid  warmers.  The  FMS 
2000  required  only  approximately  15  s.  W'hereas  the  Level  I 
system  required  more  than  4  minutes  for  a  u'ater  bath  to  heat. 
Table  II  shows  the  warm-up  times  for  the  different  fluid  warm- 
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TABLE  I 

PHYSICAL  CHARACTERISTICS 


Thermal  Angel 

Ranger 

Level  1  Model  1000 

FMS  2000 

Mass,  lb  (kgl 

Dimensions 

0.56  (0.261:  battery.  6.65  (3.0) 

7.44  (3.4) 

20(9.51:64(29.1) 

26(11.8) 

Inches  (cm)  (L  x  \v  x  H) 

9  X  2.75  X  1 

10  x  7.5  X  4.5 

48  X  13  X  10 

13.5  x  7.5  x  12 

(23  x  7  x  2.5) 

(25  x  19  x  11) 

(120  x  32  x  25) 

(34.3  x  19  x  30.5) 

Cubic  inches 

24.8 

337.5 

6240 

1215 

Cubic  feet 

Power 

0.014 

0.2 

3.6 

0.7 

Requirements 

12  V  battery 

100-120  V.  50/60  Hr. 
220-240  V.  50  Hr  900  W 

110  V.  50/6011/. 

115  V.  50-400  Hr  220-240  V 

Battery 

Yes 

No 

No 

Yes 

AC 

No 

Yes 

Yes 

Yes 

Battery  recharge  time 

14  h 

— 

— 

8  h 

Unit  cost  (S) 

125 

1,450 

5.100 

19.900 

Infusion  set  cost  (S) 

1.5 

45 

28 

100 

AC.  alternating  current. 

TABLE  II 

FLUID  WARMER  THERMAL  CHARACTERISTICS 

Level  1 

Thermal  Angel 

Ranger 

Model  1000 

FMS  2000 

Temperature  set  point 

38°C 

41°C 

41.7  ±  0.3°C 

37.5°C  (50-500  mL/min). 

39T  (10-50  mL/min) 

Over- temperature  alarm 

— 

43'C 

44.9  ±  0.1C 

42°C 

Under-temperature  alarm 

— 

33aC 

— 

— 

Over-temperature  cut-off 

— 

46°C 

~ 

— 

Flow  rates  (mL/min) 

2-150 

100-500 

40-500 

10-500.  2.5  and  5  (no 

(high  (low  set) 

heat) 

Warm-up  time 

45  s 

<2  min 

4-8  min 

15s 

Priming  volume  (mL) 

25 

120 

56 

230 

ers.  as  well  as  the  priming  volumes.  Once  each  instrument 
warmed  up,  it  took  less  than  50  s  to  reach  a  steady  temperature 
at  the  outlet  port. 

At  both  flow  rates  evaluated,  the  FMS  2000  and  Ranger 
warmed  room  temperature  LR  to  at  least  37°C  at  the  outlet  port, 
whereas  this  fluid  was  warmed  to  only  35.4°C  or  less  by  the 
Thermal  Angel  (Fig.  3).  At  the  low  flow  rate  setting,  the  Ranger 
and  FMS  2000  warmed  refrigerated  LR,  Hextend.  and  PRCs  to  at 
least  36°C  (Fig.  3).  Although  at  this  flow  rate  the  Thermal  Angel 
warmed  cold  Hextend  and  PRCs  to  >33C.  it  could  warm  cold  LR 
to  only  27.3°C  (Fig.  3).  At  the  high  flow  rate,  all  four  fluid 
warmers  warmed  cold  Hextend  and  PRCs  to  at  least  35°C  (Fig. 
3).  whereas  the  Thermal  Angel  and  Level  1  did  not  warm  cold  LR 
above  35°C  (Fig.  3).  Also,  at  each  flow  rate,  the  fluid  tempera¬ 
tures  achieved  at  the  outlet  port  were  only  slightly  less  than 
those  measured  at  the  catheter  tip  (data  not  shown). 

The  time  for  each  fluid  to  reach  or  exceed  the  average  warmed 
temperature  at  the  outlet  port  at  each  flow  rate  is  depicted  in 
Table  III.  This  temperature  generally  occurred  earliest  with  the 
FMS  2000.  which  suggests  that  this  device  was  able  to  warm 
fluid  to  a  more  consistent  temperature  than  were  the  other 
systems.  The  longer  times  for  a  particular  fluid  warmer  to  reach 
this  average  temperature  suggested  more  variation  in  the  tem¬ 
peratures  achieved.  At  the  high  flow  rate,  the  Thermal  Angel 
took  longer  to  warm  cold  fluid  to  its  average  temperature  than 
did  the  other  fluid  warmers,  but  this  observation  was  not  con¬ 


sistent  at  the  low  flow  rate  (Table  III).  Greater  variation  in  the 
temperatures  achieved  by  the  Thermal  Angel,  for  example,  was 
confirmed  by  statistically  analyzing  the  fluctuations  in  average 
temperatures  (data  not  shown). 

The  change  in  temperature  from  the  inlet  port  to  the  outlet 
port  was  used  as  an  index  of  the  warming  ability  of  each  fluid 
warmer.  As  shown  in  Table  III.  this  temperature  differential  was 
generally  less  for  cold  fluid  warmed  bv  the  Thermal  Angel,  com¬ 
pared  with  the  other  units. 

From  a  practical  standpoint,  data  were  analyzed  to  deter¬ 
mine  the  proportion  of  time  that  one  of  the  devices  would  be 
able  to  warm  fluid  to  at  least  32°C  and  35°C.  Figure  4  depicts 
the  percentage  of  time  that  a  fluid  warmer  maintained  the 
fluid  temperature  at  >32°C.  as  measured  at  the  outlet  port,  at 
each  flow  rate.  As  indicated,  at  the  low  flow  rate,  the  Ranger 
and  FMS  2000  were  able  to  maintain  this  temperature  100% 
of  the  time,  whereas  this  was  not  the  case  for  the  Thermal 
Angel.  Based  on  the  temperature  achieved  in  warming  cold 
LR.  the  Thermal  Angel  reached  32°C  only  5.1%  of  the  time.  A 
similar  pattern  of  temperature  achievement  for  these  three 
fluid  warmers  was  observed  at  the  high  flow  rates,  whereas 
the  Level  1  was  also  able  to  achieve  32°C  100%  of  the  time 
(Fig.  4).  Analysis  of  the  time  that  the  temperature  measured  at 
the  catheter  tip  remained  at  >32  C  showed  a  trend  similar  to 
that  for  the  temperature  measured  at  the  outlet  port  (data  not 
shown). 
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Fig.  2.  Flow  rates  achieved  for  normal  saline  solution  or  Hextcnd  through  an 
18-gauge  catheter.  See  "Materials  and  Methods"  for  definition  of  high  and  low  flow 
rates.  Data  represent  mean  •  SEM  |n  3/group).  •  p  0.05  from  Thermal  Angel;  + . 
p  <  0.05  from  FMS  2000. 


The  time  each  fluid  wanner  was  able  to  maintain  the  fluid 
temperature  at  >35°C.  as  measured  at  the  outlet  port,  is  de¬ 
picted  in  Figure  5.  Of  note,  with  cold  LR  at  the  high  flow  rate, 
35  C  was  not  achieved  with  the  Thermal  Angel,  whereas  the 
Ranger  and  Level  1  maintained  tltis  temperature  51.6%  and 
19.6%  of  the  time,  respectively.  As  before,  a  similar  pattern  of 
maintaining  temperature  was  observed  at  the  catheter  tip  (data 
not  shown). 

In  the  evaluation  of  the  time  required  to  set  up  each  fluid 
warmer,  as  shown  in  Table  IV.  the  Special  Forces  medic  required 
3  to  5  minutes  to  set  up  a  fluid  warmer.  This  individual  took  an 
additional  2  minutes  to  set  up  the  FMS  2000.  compared  with  the 
other  fluid  warmers,  but  dramatically  reduced  the  set-up  time 
for  the  FMS  2000  and  Level  1  after  the  first  attempt.  In  contrast, 
the  registered  nurse  had  difficulty  setting  up  the  Level  1  fluid 
warmer  on  the  first  try.  while  also  needing  3  to  5  minutes  to  set 
up  the  other  units  frable  IV).  This  individual  also  showed  much 
improvement  in  set-up  times,  especially  with  the  Level  1.  after 
the  first  try. 


Discussion 

Basically  two  different  types  of  fluid  warmers  were  evaluated 
in  this  study.  The  Thermal  Angel  and  Ranger  were  evaluated  as 
portable  devices  that  could  have  application  in  prehospital  set¬ 


Fig.  3.  Average  temperature  of  each  fluid  achieved  at  the  outlet  port  at  each  set 
flow  rate.  Data  represent  mean  *  SEM  |n  3/group).  RT.  room  temperature.  *,p  < 
0.05  from  Thermal  Angel;  +.  p  <  0.05  from  FMS  2000. 


tings  or  even  in  far-forward  military  environments,  whereas  the 
Level  1  and  FMS  2000  fluid  warmers  are  designed  to  be  attached 
to  intravenous  infusion  poles  and  were  evaluated  for  hospital 
use.  The  latter  units  are  substantially  heavier  than  either  the 
Thermal  Angel  or  Ranger:  they  also  require  an  external  power 
source,  although  the  FMS  2000  has  a  battery  back-up  system 
that  allows  it  to  pump  fluid  (unheated).  Nevertheless,  the  Level 
I  and  FMS  2000  are  suitable  for  Department  of  Defense  forward 
surgical  units,  such  as  an  expeditionary  medical  support  sys¬ 
tem.  forward  resuscitative  surgical  system,  forward  surgical 
team,  or  combat  support  hospital,  although  the  FMS  2000  is 
compact  and  self-contained  and  may  be  adaptable  for  use  in 
aircraft  or  more-forward  sites  where  power  is  available.  To  our 
knowledge,  however,  this  use  has  not  been  explored  in  a  sys¬ 
tematic  manner.  Both  of  these  fluid  warmers  have  been  de¬ 
scribed  in  recent  publications.13 17 19 

The  Thermal  Angel  may  be  best  suited  for  use  in  the  most- 
forward  echelons  of  care,  because  it  is  lightweight  and  battery 
operated,  although  the  battery  itself  is  heavy.  It  is  also  dispos¬ 
able  and  has  no  additional  parts  requirement,  other  than  an 
infusion  set.  The  Ranger,  however,  requires  an  external  energy 
source  and  a  fluid  cassette  that  slides  into  the  warming  device. 
This  cassette  is  then  attached  to  the  fluid  source.  As  shown  by 
the  data  in  the  present  study,  the  Ranger  was  the  more  efficient 
fluid  wanner  of  the  two  devices,  at  both  flow  rates  and  with  all 
fluids,  especially  with  cold  LR.  This  may  result  in  part  from  the 
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TABLE  m 

WARMING  EFFECTIVENESS  OF  EACH  DEVICE  AT  EACH  FLOW  RATE 


Cold  Hextend 

KT  Hextend 

Cold  LR 

RT  LR 

Cold  PRCs 

High  flow 

Time  to  reaeh  average 
temperature  at  outlet  (s) 

Thermal  Angel 

327  i  3 

93  -  3 

320  £  6 

287  £ 

17.6 

210  £  150 

Ranger 

157  l  8.8" 

147  £  3 

173  £  18" 

177  £ 

18 

110  £  21 

Level  1 

227  *  12 

217  ♦  3"" 

247  •  20* 

93  - 

28" 

90  £  15 

FMS  2000 

110  t  10" 

77  £  3 

80  £  15 

60  • 

0“ 

83  £  7" 

Change  In  temperature  from 

Inlet  to  outlet  port  |  C) 

Thermal  Angel 

28.9  £  0.6 

14.8  £  0.1 

15.8*0.3 

13.9  £ 

0.4 

24  £  0.5 

Ranger 

30.7  *  1 

18.4  £  0,03 

28.7  -  3.3" 

17.1  - 

0.06 

31.4  -  i  i 

Level  1 

32.9  1  1 .5 

19.3  £  0.4 

29.7  £  0.2" 

16.7  £ 

0.3 

33.6  £  0.1" 

FMS  2000 

31.3  1  0.5 

14.6  £  0.1 

32.1  £  0.3" 

16.3  £ 

0.01 

27.5  £  1.9 

Low  flow' 

Time  to  reac  h  average 
temperature  at  outlet  (s| 

Thermal  Angel 

90  £  17 

67  £  7 

337  £  26 

163  £ 

71 

77  £  17 

Ranger 

143  £  42 

170  £  2 

213  £  33“  '’ 

173  £ 

33 

103  £  12 

FMS  2000 

107  £  3 

83  £  3 

73  £  9 

97  £ 

14.5 

93  £  12 

Change  In  temperature  from 
inlet  to  outlet  port  (  C) 

Thermal  Angel 

26.5  £  0.7 

15.4  £  0.3 

20.3  £  0.5 

14.8  £ 

2.7 

22.5  £  1 

Ranger 

33.3  -  0.3" 

17.3  £  0.03 

31.1  £  0.4“ 

18  £ 

0.1 

34.2  £  0.1" 

FMS  2000 

31.6  ±  0.3" 

14.2  £  0.4 

31.3  £  0.8" 

16.4  £ 

0.1 

30.4  £  1.2" 

Data  are  expressed  as  mean  r  SE  (N  3|.  RT.  room  temperature. 
"  p  <  0.05  from  Thermal  Angel. 

'■  p  <  0.05  from  FMS  2000. 


Ranger  having  a  higher  set  temperature  than  the  Thermal  Angel 
|41°C  and  38T.  respectively).  Another  important  factor  that 
likely  influenced  this  outcome  was  the  fact  that  the  use  of  a 
pressure  bag  set  to  300  mm  Hg  induced  flow  rates  for  standard 
crystalloid  fluids  (such  as  normal  saline  solution  or  LR)  that 
were  higher  than  the  maximal  flow  rate  stated  by  the  manufac¬ 
turer  for  the  Thermal  Angel.  Even  the  flow  rate  that  resulted 
from  the  pressure  bag  being  inflated  to  150  mm  Hg  approached 
this  upper  limit.  The  Thermal  Angel  warmed  Hextend  better 
than  LR.  which  might  reflect  the  higher  viscosity  of  Hextend.  in 
comparison  with  normal  saline  or  LR.  Consequently,  the  flow 
rates  for  Hextend  fell  within  the  range  reported  by  the  manu¬ 
facturer  for  the  Thermal  Angel.  Again,  the  ability  of  the  Thermal 
Angel  to  warm  cold  PRCs  infused  at  300  mm  Hg  reflects  the 
higher  viscosity  of  this  fluid  and  the  much  lower  flow  rate, 
allowing  for  warming  of  the  blood. 

The  results  of  Ihe  present  study  indicated  that  the  FMS  2000 
most  consistently  warmed  fluid  to  ^37  C.  independent  of  the 
fluid  type  and  flow-  rate,  and  in  many  cases  warmed  cold  fluid 
better  than  the  Level  1 .  Whereas  the  Level  1  relies  on  heating  a 
water  bath  to  41  C.  the  FMS  2000  is  designed  to  warm  fluid  to 
37  C  at  the  flowr  rates  achieved  in  this  study  or  to  39  C  at  low 
flow  rates. 

It  should  be  noted  that  the  flow  rates  observed  in  the  present 
study  were  generally  below  those  reported  as  maximal  flow  rates 
or  even  the  flow  rate  set  by  the  instmmenl .  For  example,  the  flow 
rates  for  normal  saline  solution  and  Hextend  with  the  FMS  2000 
set  at  300  mL/minute  never  achieved  this  rate.  This  was  attrib¬ 
uted  to  the  use  of  an  18-gauge  catheter  in  the  present  study, 
and  the  flow'  rates  achieved  through  this  catheter  were  consis¬ 


tent  with  the  flow  rates  for  crystalloids  stated  by  the  manufac¬ 
turer.  This  catheter  size  is  carried  in  the  field  by  medics  and 
would  be  the  size  most  likely  used  outside  the  hospital,  with  the 
availability  of  large  volumes  of  fluid.  The  FMS  2000  has  built-in 
pressure  sensors  that  slow  the  flow  rate  if  too  high  a  flow  is 
attempted  for  a  particular  fluid  through  a  small  catheter.  It 
should  bo  noted  that,  if  a  16-gauge  catheter  is  used,  then  max¬ 
imal  flow  rates  for  the  FMS  2000  increase  to  400  to  500  mL/ 
minute,  depending  on  the  fluid  (e.g..  blood  or  crystalloid,  respec 
tively). 

An  important  goal  of  this  study  was  to  put  the  warming  ca¬ 
pabilities  of  these  devices  into  clinical  perspective.  As  described 
by  Russell.16  32  C  was  selected  as  the  minimal  acceptable  infu 
sion  temperature  for  a  massive  blood  transfusion.  At  tempera¬ 
tures  of  >32  C.  the  body  is  thought  to  be  able  to  increase  its 
temperature  by  shivering.20  In  a  recent  review  of  in-line  fluid 
warmers.21  it  was  decided  that,  at  a  minimum,  a  fluid  warmer 
should  be  able  to  warm  room  temperature  fluid  to  32  C.  This 
was  considered  the  least  challenging  scenario  for  a  fluid 
warmer.  As  noted  in  the  present  study,  all  fluid  warmers  eval¬ 
uated  essentially  achieved  this  capability  at  both  flow  rates 
examined,  and  only  the  Thermal  Angel  failed  to  achieve  this 
temperature  in  warming  cold  LR.  Again,  it  should  be  empha¬ 
sized  that  this  endpoint  of  32  C  may  be  insufficient  for  improv¬ 
ing  outcomes  among  trauma  patients.4  5 

In  the  past  decade,  it  has  been  reported  that  trauma  patients 
with  core  temperatures  of  <34°C  have  35%  higher  mortality 
rates  than  normothermic  patients.22  Therefore,  we  also  evalu¬ 
ated  each  fluid  warmer  for  its  ability  to  warm  fluid  to  s35’C. 
Anon21  also  chose  35'C  as  a  goal  for  warming  room  temperature 
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■  Thermal  Angel  D  Ranger  0  Level  1  O  FMS  2000 


140 

Low  Flow  Rale 
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Fig.  4.  Proportion  of  time,  as  a  percentage,  that  the  temperature  at  the  outlet 
port  was  -32°C  at  each  set  flow  rate.  Data  represent  mean  i  SEM  (n  3/group).  RT, 
room  temperature.  •.  p  0.05  from  Thermal  Angel:  * .  p  0.05  from  FMS  2000. 


or  lO'C  fluid,  referring  to  this  as  a  more  challenging  scenario  for 
the  warming  device.  Such  a  temperature  would  be  a  more  de¬ 
sirable  endpoint  for  warming  trauma  patients.  As  observed  in 
the  present  study,  the  Ranger  and  FMS  2000  were  consistently 
able  to  warm  all  fluids  to  this  temperature  at  both  flow  rates. 
With  room  temperature  fluid,  the  Thermal  Angel  could  also 
achieve  this  temperature  with  all  fluids:  however,  in  warming 
cold  fluid,  particularly  LR.  the  Thermal  Angel  could  not  achieve 
this  temperature.  At  low  flow  rates,  it  also  was  not  effective  in 
raising  the  temperature  of  cold  Hextend  or  PRCs.  As  mentioned, 
at  high  flow  rates,  the  Thermal  Angel  was  effective  in  warming 
PRCs  to  this  temperature  only  because  the  flow  rate  was  so  low'. 
It  should  also  be  mentioned  that  the  Level  1  was  not  effective  in 
achieving  35°C  with  cold  LR. 

In  conclusion,  the  FMS  2000.  the  most  expensive  of  the  fluid 
warmers  evaluated  and  the  one  with  the  most  safety  features, 
was  the  most  consistent  in  warming  the  three  fluids  examined, 
at  both  flow  rates.  The  more  moderately  priced  Level  1  was 
limited  by  having  only  one  flow’  rate  and  wras  not  effective  in 
w'arming  cold  LR  to  >35:C.  The  Ranger,  as  a  portable  unit,  was 
also  an  effective  fluid  warmer  at  both  flow  rates.  The  Thermal 
Angel  was  the  least  expensive  fluid  warmer  and  had  difficulty 
w'arming  cold  crystalloids.  Therefore,  for  relatively  fixed  Depart¬ 
ment  of  Defense  field  medical  facilities  (echelon  2),  the  FMS 
2000  is  fully  self-contained  and  would  be  the  most  efficient  and 
versatile  fluid  warmer  of  the  units  examined.  Of  the  portable 


140  | 

High  Flow  Rate 

120  | 


■  Angel  □  Ranger  □  Level  1  □  FMS  2000 


Fig.  5.  Proportion  of  time,  as  a  percentage,  that  the  temperature  at  the  outlet 
port  was  -35“C  at  each  set  flow  rate  Data  represent  mean  '  SEM  (n  3/ group!-  RT. 
room  temperature  •.  p  0.05  from  Thermal  Angel;  p  0.05  from  FMS  2000. 


TABLE  IV 

SET-UP  TIMES 


Set-Up  Times  (min) 

No  Experience 

With  One  Try 

Medic 

FMS  2000 

5:39 

2:45 

Ranger 

3:39 

2:44 

Therma  1  Angel 

3:10 

2:18 

Level  1 

3:25 

1:27 

Registered  nurse 

FMS  2000 

4:05 

2:48 

Ranger 

4:58 

3:21 

Thermal  Angel 

3:14 

2:27 

Level  1 

8:13" 

3:05 

0  Reflects  3  to  4  minutes  trying  to  remove  an  air  bubble. 


units,  the  Ranger  was  rlearlv  superior  to  the  Thermal  Angel  in 
warming  fluids  of  both  temperatures  at  flow  rates  observed  in 
this  study  and  could  be  used  in  echelon  1  medical  facilities,  as 
long  as  power  is  available.  However,  the  Thermal  Angel  is  the 
most  likely  to  be  adapted  for  far-forward  combat  environments, 
because  it  is  battery  powered.  Therefore,  based  on  environmen¬ 
tal  conditions  and  the  medical  needs  in  the  situation,  the  user 
must  be  aware  of  the  limitations  of  the  Thermal  Angel  in  warm 
ing  refrigerated  fluids  and  must  determine  w'hether  infusing 
only  partially  w'armed  fluids  would  be  less  detrimental  than 
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infusing  cold  fluid  or  must  limit  the  amount  of  cold  fluid  being 
infused.  Additional  studies  of  the  capabilities  and  limitations  of 
each  wanning  device  under  military-relevant  conditions  will  al¬ 
low  more  effective  use  and  improve  fluid  resuscitation  of  injured 
soldiers. 
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Questions,  Anyone? 
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Time  or  visit  www.pueblo.gsa.gov/call. 
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